Abstract-MEMS technology has major applications in developing smaller, faster and less energy consuming devices provided that reliability of packaging/interconnect technology is sufficiently addressed. This paper presents a low cost, on-wafer, silicon micromachined packaging scheme for RF MEMS switches having excellent electrical performance in K-band. In particular, the package demonstrates an insertion loss of 0.1dB and a return loss of 32dB at 20 GHz. The package is fabricated in parallel with the MEMS switch on the same wafer and therefore requires no lossy solder bumps or bond wires to achieve signal propagation.
I. INTRODUCTION INTEGRATED circuit packaging and its testing
has evolved over the past years due to the maturity of the IC industry, the availability of a highly advanced infrastructure, and the wide applications of the integrated circuits. The goal for IC packaging is to provide an electrical interface to active chips in the system, supply signal power and ground interconnections, allow heat dissipation, and isolate the chips from the environment. Although fabrication techniques can be carried over from IC to MEMS, the requirements of MEMS packaging are different from those of IC packaging since it is application specific and different designs are needed for different circuits. This lack of standardization leads to excessive cost for the final product [1] . Millimeter wave systems for commercial, scientific or military applications are rapidly emerging requiring development of high frequency packaging technologies. For high-density, high frequency (5-100 GHz) packages the performance requirements are very stringent, since poor design and fabrication can lead to increased cavity resonances and cross-talk between neighboring circuits [2] . Many materials can be utilized for packaging including plastic and alumina which offer low cost. Both, however, suffer from poor electrical performance at frequencies beyond 10 GHz. Silicon on the other hand has been extensively used and studied in the electronics industry [3] . Its (Fig. 1 ) and are then transitioned via appropriate through-wafer transitions designed to operate well both for DC and RF signals [6] . Specifically for the RF transition a 50 Q FGC line (50-80-50 ,um) expands to a much wider 50 Q FGC line (90-220-90 ,um) in order to allow for the anisotropic etching of the vias. The transition has been designed using a method of moments code [7] and optimized for low loss in K-band. A schematic of the transition is presented in Fig.2a . Fig.2b . A 100 ,um thick Si wafer was used to create the packaging cavity on the top wafer. A liftoff process is used for the metallization of Cr/Au (500/9500 A) to fabricate a square metallic rim on the lower side of the wafer. SiO2 is patterned on both sides of the wafer using infrared (IR) alignment to define cavities and probe windows for the final alignment prior to bonding. The SiO2 is etched partially or fully in buffered hydrofluoric acid (BHF) at a rate of 1000 A/min. The final step is to anisotropically etch the oxide-patterned cav- (a) ities and probe windows in potassium (KOH) at an etch rate of 30 A/hour. Fig.4 hydroxide switch wafer is presented. The DC vias are connected to the FGC ground plane and to the switch two wafers anchor points, while the distance between the RF ns EV 501 vias and the switch is 200 ,um. In Fig.5 One hundred circuits were fabricated with 94% onwafer yield and tested with very similar and consistent ver results. The RF transition presented is a modification of the silicon micromachined vertical interconnect presented in [6] . These transitions were designed to operate at W-band with an insertion loss of 0.55 dB from which 0.2 dB is attributed to radiation losses and 0.35 dB to ohmic losses. The original IEMS switch interconnect utilized resonant stubs to tune the operating frequency at 94 GHz and thus, it had an inherently narrow bandwidth. The design shown in this study is a scaled model of the aforementioned transition scaled at K-band and therefore it shares a narrow bandwidth as well. Some broadband transitions have also been designed and fab--i~fvias ricated and results are going to be presented at the conference.
The subsequent step was to fabricate the MEMS switch on the same wafer (Fig.4) . The measured response of this system is presented in Fig.6 , where both the up state and down state measurements are included. When the switch is in the up position the response is similar to the one illustrated in Fig.5 . The capacitance of the switch at that position is 38 fF and therefore has some minor effects on the response of the circuit. Moreover vafer.
the loss due to individual MEMS RF switches is in the order of 0.16 dB at 40 GHz [4] and henceforth the insertion loss of the total circuit is increased. The down state capacitance of the switch can be extracted from the S-parameters to be 1.6 pF and J in Fig.3 
IV. CONCLUSIONS
Packaging of high frequency MEMS devices is challenging since achieving signal distribution and environmental protection requires careful design and fabrication. A novel on-wafer packaging scheme has been suggested providing promising results for further investigation. Particularly the packaging scheme demonstrates an insertion loss of 0.1 dB and a return loss of 32 dB at 20 GHz. 
